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SEMICONDUCTOR LIGHT EMITTING
DEVICE AND LIGHT EMITTING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2011 -

038311, filed on Feb. 24, 2011; the entire contents of which
are incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a semi-
conductor light emitting device and a light emitting appara-
tus.

BACKGROUND

In a semiconductor light emitting device, an n-type semi-
conductor layer, a light emitting layer, and a p-type semicon-
ductor layer, for example, are stacked in this order. Since a
sapphire substrate used for the crystal growth of a nitride
semiconductor layer 1s an insulator, a structure providing a
p-side electrode and an n-side electrode on the upper surtace
side of a semiconductor layer 1s employed. However, this
structure has a high series resistance. Further, since the ther-
mal conductivity of the sapphire substrate 1s low, there arises
a problem that heat dissipation capability 1s low particularly
in a high output power.

Meanwhile, there 1s a configuration of transferring a semi-
conductor layer grown on a sapphire substrate to a support
substrate different from the crystal-grown substrate (thin film
type). A S1substrate having electrical conductivity and a high
thermal conductivity can be used as the support substrate and
thereby current can flow 1n a stacking direction and a low
series resistance and a high heat dissipation capability can be
obtained at the same time. In a semiconductor light emitting
device, further improvement of efficiency 1s being required.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A and FIG. 1B are schematic views showing a semi-
conductor light emitting device according to a first embodi-
ment;

FIG. 2 1s a schematic cross-sectional view showing a part
of the semiconductor light emitting device according to the
first embodiment;

FI1G. 3A and FI1G. 3B are schematic views showing another
semiconductor light emitting device according to the first
embodiment;

FI1G. 4 to FI1G. 7 are schematic cross-sectional views show-
ing a manufacturing method of the semiconductor light emat-
ting device according to the first embodiment 1n a process
order:

FIG. 8A and FIG. 8B are schematic views showing a semi-
conductor light emitting device of a first reference example;

FIG. 9A and FIG. 9B are schematic views showing a semi-
conductor light emitting device of a second reference
example;

FI1G. 10 1s a graph showing a characteristic of the semicon-
ductor light emitting device;

FIG. 11A and FIG. 11B are graphs showing characteristics
of the semiconductor light emitting device;

FIG. 12A and FIG. 12B are schematic views showing
configurations of semiconductor light emitting devices of a
third and a fourth reference example;
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FIG. 13A to FIG. 13C are schematic plan views each
showing the configuration of another semiconductor light
emitting device according to the first embodiment; and

FIG. 14 1s a schematic cross-sectional view showing the
configuration of a light emitting apparatus according to a
second embodiment.

DETAILED DESCRIPTION

In general, according to one embodiment, a semiconductor
light emitting device includes a p-type semiconductor layer,
an n-type semiconductor layer, a light emitting layer, a p-side
clectrode and an n-side electrode. The p-type semiconductor
layer 1includes a nitride semiconductor and has a first major
surface. The n-type semiconductor layer includes a mitride
semiconductor and has a second major surface. The light
emitting layer 1s provided between the n-type semiconductor
layer and the p-type semiconductor layer. The first major
surface 1s on a side ol the p-type semiconductor layer opposite
to the light emitting layer. The second major surface 1s on a
side of the n-type semiconductor layer opposite to the light
emitting layer. The p-side electrode contacts a part of the
p-type semiconductor layer on the first major surface. The
n-side electrode contacts a part of the n-type semiconductor
layer on the second major surface. The n-side electrode 1s
provided outside and around the p-side electrode 1n a plan
view along a direction from the p-type semiconductor layer to
the n-type semiconductor layer.

In general, according to another embodiment, a light emat-
ting apparatus includes a semiconductor light emitting device
and a mounting component. The semiconductor light emat-
ting device mcludes a p-type semiconductor layer, an n-type
semiconductor layer, a light emitting layer, a p-side electrode
and an n-side electrode. The p-type semiconductor layer
includes a nitride semiconductor and has a first major surface.
The n-type semiconductor layer includes a nitride semicon-
ductor and has a second major surface. The light emitting
layer 1s provided between the n-type semiconductor layer and
the p-type semiconductor layer. The first major surface 1s on
a side of the p-type semiconductor layer opposite to the light
emitting layer. The second major surface 1s on a side of the
n-type semiconductor layer opposite to the light emitting
layer. The p-side electrode contacts a part of the p-type semi-
conductor layer on the first major surface. The n-side elec-
trode contacts a part of the n-type semiconductor layer on the
second major surface. The n-side electrode 1s provided out-
side and around the p-side electrode 1n a plan view along a
direction from the p-type semiconductor layer to the n-type
semiconductor layer. The mounting component includes a
mounting substrate, a first substrate electrode and a second
substrate electrode. The mounting substrate has a mounting
surface facing the first major surface. The first substrate elec-
trode 1s provided on the mounting surface and electrically
connected to the p-side electrode. The second substrate elec-
trode 1s provided on the mounting surface and electrically
connected to the n-side electrode.

Various embodiments will be described herematter with
reference to the accompanying drawings.

The drawings are schematic or conceptual; and the rela-
tionships between the thicknesses and widths of portions, the
proportions of s1zes among portions, etc., are not necessarily
the same as the actual values thereotf. Further, the dimensions
and the proportions may be illustrated differently among the
drawings, even for 1identical portions.

In the specification and the drawings of the application,
components similar to those described 1n regard to a drawing




US 8,766,311 B2

3

thereinabove are marked with like reference numerals, and a
detailed description 1s omitted as appropriate.
(First Embodiment)

FIG. 1A and FIG. 1B are schematic views illustrating a
configuration of a semiconductor light emitting device
according to a first embodiment.

FIG. 1B 1s a schematic plan view. FIG. 1A 1s a cross-
sectional view taken along the A1-A2 line of FIG. 1B.

As shown 1n FIG. 1A and FIG. 1B, a semiconductor light
emitting device 110 according to the embodiment includes an
n-type semiconductor layer 10, a p-type semiconductor layer
20, a light emitting layer 30, a p-side electrode 40, and an
n-side electrode 50.

Each of the n-type semiconductor layer 10 and the p-type
semiconductor layer 20 includes a nitride semiconductor. An
n-type GaNl layer 1s used for the n-type semiconductor layer
10, for example. A p-type GaN layer 1s used for the p-type
semiconductor layer 20, for example.

The light emitting layer 30 1s disposed between the n-type
semiconductor layer 10 and the p-type semiconductor layer
20.

The p-side electrode 40 1s provided on a first major surface
S1 on a side opposite to the light emitting layer 30 of the
p-type semiconductor layer 20. The p-side electrode 40 con-
tacts a part of the p-type semiconductor layer 20 (part of the
first major surface S1).

The n-side electrode 50 1s provided on a second major
surface S2 on a side opposite to the light emitting layer 30 of
the n-type semiconductor layer 10. The n-side electrode 50
contacts a part of the n-type semiconductor layer 10 (part of
the second major surface S2).

Here, the direction from the p-type semiconductor layer 20
toward the n-type semiconductor layer 10 1s defined as a
Z-axis direction. One axis perpendicular to the Z-axis is
defined as an X-axi1s. One axis perpendicular to the Z-axis and
the X-axis 1s defined as a Y-axis. The Z-axis direction corre-
sponds to the stacking direction of the n-type semiconductor
layer 10, the light emitting layer 30, and the p-type semicon-
ductor layer 20.

Here, 1n the specification of the application, *“stacking”™
also includes a case 1n which a different element 1s inserted 1n
between to be stacked, 1n addition to a case in which layers are
directly stacked.

In a stacked body 10s including the n-type semiconductor
layer 10, the light emitting layer 30, and the p-type semicon-
ductor layer 20, the first major surface S1 and the second
major surface S2 are surfaces opposite to each other.

FIG. 2 1s a schematic cross-sectional view illustrating a
configuration in a part ol a semiconductor light emitting
device according to the first embodiment.

FIG. 2 shows an example of the configuration of the light
emitting layer 30. The Z-axis direction in FIG. 2 1s mverted
from the Z-axis direction 1n FIG. 1A.

As shown 1n FIG. 2, the light emitting layer 30 includes
plural barrier layers 31 and well layers 32 each provided
between the plural barrier layers 31. The plural barrier layers
31 and the plural well layers 32 are stacked alternately.

In this example, an intermediate layer (n-side intermediate
layer 33 or p-side intermediate layer 34) 1s disposed between
the barrier layer 31 and the well layer 32.

For example, the barrier layer 31 1s disposed on the n-type
semiconductor layer 10. The n-side intermediate layer 33 1s
disposed on the barrier layer 31. The well layer 32 1s disposed
on the n-side intermediate layer 33. The p-side intermediate
layer 34 1s disposed on the well layer 32. The barrier layer 31,
the n-side intermediate layer 33, the well layer 32, and the
p-side intermediate layer 34 compose one group (period). The
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plural groups are stacked. That 1s, the light emitting layer 30
can have a multi1 quantum well (MQW) structure.

Alternatively, the light emitting layer 30 can have a single
quantum well (SQW ) structure. In this case, the number of the
above-described groups 1s one and the number of the well
layers 32 1s one.

At least any of the n-side intermediate layer 33 and the
p-side intermediate layer 34 1s disposed or omitted as needed.

In Al Ga,_, N (0<x1<1 and 0<y1<1) 1s used tor the
barrier layer 31, for example. In, 5,Al; 3:Ga, <IN 15 used for
the barrier layer 31, for example. The thickness of the barrier
layer 31 1s 11.5 nanometer (nm), for example.

In_,Ga,_ ,N (0<x2<1) 1s used for the n-side intermediate
layer 33, for example. In, ,,Ga, o¢N 1s used for the n-side
intermediate layer 33, for example. The thickness of the
n-side mtermediate layer 33 1s 0.5 nm, for example.

In_,Ga, ;N (0<x3<1) 1s used for the well layer 32.
In, ,-Ga, 55N 1s used for the well layer 32, for example. The
thickness of the well layer 32 1s 2.5 nm, for example.

In_,Ga,_ N (0<x4<1) 1s used for the p-side intermediate
layer 34. In, ,,Ga, o4N 1s used for the p-side intermediate
layer 34, for example. The thickness of the p-side intermedi-
ate layer 34 15 0.5 nm, for example.

In the embodiment, at least any of the materials and the
thicknesses used for the respective plural barrier layers 31
may be different from one another among the plural barrier
layers 31. When the plural well layers 32 are disposed, at least
any of the materials and the thicknesses used for the respec-
tive plural well layers 32 may be different form one another
among the plural well layers 32. When the plural n-side
intermediate layers 33 are disposed, at least any of the mate-
rials and the thicknesses used for the respective plural n-side
intermediate layers 33 may be different from one another
among the plural n-side intermediate layers 33. When the
plural p-side intermediate layers 34 are disposed, at least any
of the materials and the thicknesses used for the respective
plural p-side intermediate layers 34 may be different from one
another among the plural p-side intermediate layers 34.

As shown 1n FIG. 1A and FIG. 1B, 1n the semiconductor
light emitting device 110 according to the embodiment, the
n-side electrode 50 1s provided outside and around the p-side
clectrode 40 1n the plan view.

In the plan view, the axis connecting the viewing point and
the viewing object 1s parallel to the stacking direction (Z-axis
direction). That 1s, the image of the n-side electrode 50 pro-
jected onto the X-Y plane 1s provided outside and around the
image of the p-side electrode 40 projected onto the X-Y
plane. In the plan view (when viewed along the Z-axis), the
n-side electrode 50 does not overlap the p-side electrode 40.

For example, as shown 1 FIG. 1B, a gap i1s provided
between the n-side electrode 50 and the p-side electrode 40 1in
the plan view. A gap sx along the X-axis at the portion where
the image of the n-side electrode 50 projected onto the X-Y
plane and the 1mage of the p-side electrode 40 projected onto
the X-Y plane face each other 1s larger than zero. A gap sy
along the Y-axis at the portion where the 1image of the n-side
clectrode 50 projected onto the X-Y plane and the image of
the p-side electrode 40 projected onto the X-Y plane face each
other 1s larger than zero. The gap sx and the gap sy may be
different from each other.

In the semiconductor light emitting device 110, the n-side
clectrode 50 and the p-side electrode 40 do not overlap each
other when viewed along the Z-axis and thereby excessive
current concentration can be suppressed.

Thereby, uniformity can be improved in a light emission
distribution. Further, since the n-side electrode 50 1s provided
in the peripheral part of the second major surface S2, light
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extraction efficiency can be improved. Accordingly, 1t 1s pos-
sible to obtain a highly efficient semiconductor light emitting
device and to obtain a high output.

FIG. 3A and FIG. 3B are schematic views illustrating a
configuration of another semiconductor light emitting device
according to the first embodiment.

FIG. 3B 1s a schematic plan view. FIG. 3A 1s a cross-
sectional view taken along the A1-A2 line of FIG. 3B.

As shown 1n FIG. 3A and FIG. 3B, another semiconductor

light emitting device 110q according to the embodiment fur-
ther includes a first bonding layer 61 (high resistance layer) in
addition to the n-type semiconductor layer 10, the p-type
semiconductor layer 20, the light emitting layer 30, the p-side
electrode 40, and the n-side electrode 50.

The first bonding layer 61 contacts the p-type semiconduc-
tor layer 20 on the first major surface S1 of the p-type semi-
conductor layer 20. The first bonding layer 61 has a part
outside the p-side electrode 40 1n the plan view. The electrical
resistance between the first bonding layer 61 and the p-type
semiconductor layer 20 1s higher than that between the p-side
clectrode 40 and the p-type semiconductor layer 20. The first
bonding layer 61 has a part overlapping the n-side electrode
50 1n the plan view.

The high resistance with the p-type semiconductor layer 20
includes at least any of a high contact resistance with the
p-type semiconductor layer 20 and a high resistance of the
first bonding layer 61. That 1s, the contact resistance between
the first bonding layer 61 and the p-type semiconductor layer
20, for example, 1s higher than that between the p-side elec-
trode 40 and the p-type semiconductor layer 20. The electrical
resistance of the first bonding layer 61, for example, 1s higher
than that of the p-side electrode 40. The conductivity of the
first bonding layer 61 1s lower than that of the p-side electrode
40. For example, the first bonding layer 61 may have an
insulating property.

While the first bonding layer 61 overlaps the n-side elec-
trode 50 1n a plan view, since the electrical resistance between
the first bonding layer 61 and the p-type semiconductor layer
20 1s higher than that between the p-side electrode 40 and the
p-type semiconductor layer 20, current flowing between the
n-side electrode 50 and the first bonding layer 61 1s small and
current flows substantially between the n-side electrode 50
and the p-side electrode 40. Thereby, excessive current con-
centration 1s suppressed. Accordingly the uniformity in the
light emission distribution can be improved and a high effi-
ciency can be obtained.

In this example, the first bonding layer 61 has conductivity.
That 1s, the contact resistance between the first bonding layer
61 and the p-type semiconductor layer 20 1s higher than that
between the p-side electrode 40 and the p-type semiconductor
layer 20. In this example, the first bonding layer 61 covers the
p-side electrode 40.

N1, for example, 1s used for the part of the p-side electrode
40 contacting the p-type semiconductor layer 20. T1 1s used
for the part of the first bonding layer 61 contacting the p-type
semiconductor layer 20. The contact resistance of T1 with the
p-type GaN 1s higher than that of N1 with p-type GalN.

The semiconductor light emitting device 110a further
includes a substrate 63 and a second bonding layer 62. The
second bonding layer 62 1s provided between the substrate 63
and the p-side electrode 40. The first bonding layer 61 1is
provided between the second bonding layer 62 and the p-side
electrode 40. A Si1 substrate 1s used for the substrate 63, for
example. Metal (including alloy), for example, 1s used for the
first bonding layer 61 and the second bonding layer 62. The
substrate 63, the first bonding layer 61, and the second bond-
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ing layer 62 have conductivity. Thereby, the p-side electrode
40 and the substrate 63 are electrically connected to each
other.

Further, a protection layer 70 1s disposed on the side sur-
face of the stacked body 10s. The protection layer 70 extends
over the surface of a part of the first bonding layer 61.

Hereinatter, a manufacturing method of the semiconductor
light emitting device 110a will be described.

FIG. 4 to FIG. 7 are schematic cross-sectional views 1llus-
trating a manufacturing method of the semiconductor light
emitting device according to the first embodiment in a process
order.

As shown 1n FIG. 4, a bufler layer 6 1s formed on a growth
substrate 5. A sapphire substrate, for example, 1s used for the
growth substrate 5. On the butier layer 6, the n-type semicon-
ductor 10, the light emitting layer 30, the p-type semiconduc-
tor layer 20 are formed sequentially. A metal-organic chemi-
cal vapor deposition (MOCVD) method, for example, 1s used
for forming each of the above layers.

A conductive film for providing the p-side electrode 40 1s
formed on the p-type semiconductor layer 20. A stacked film
of a N1 film and an Ag film 1s used for the conductive film, for
example. An evaporation method 1s used for forming this
conductive film, for example. After that, this conductive film
1s processed 1nto a predetermined shape by photolithography
and etching, for example. Thereby, the p-side electrode 40 1s
tformed. The p-side electrode 40 1s provided at the center part
of the first major surface S1.

As shown 1n FIG. §, the first bonding layer 61 1s formed so
as to cover the first major surface S1 of the p-type semicon-
ductor layer 20 and the p-side electrode 40. A Ti film, a Pt
film, and an Au film are stacked and formed in this order to
provide the first bonding layer 61.

Meanwhile, the second bonding layer 62 1s formed on a
major surface of the substrate 63 (e.g., Si1 substrate). An
Au—Sn {ilm, for example, 1s formed on the major surface of
the substrate 63 to provide the second bonding layer 62.

As shown 1n FIG. 5, the growth substrate 5 and the sub-
strate 63 are disposed so as to cause the first bonding layer 61
and the second bonding layer 62 to contact each other. In this
state, pressure 1s applied to both of the substrates at a high
temperature for a certain time. This temperature 1s approxi-
mately 250° C., for example. Thereby, the first bonding layer
and the second bonding layer 62 are bonded with each other.

Next, the above stacked body 10s 1s 1rradiated with ultra-
violet light, for example, via the growth substrate 5. A KrF
laser having a wavelength of 248 nm 1s used for the ultra-
violet light, for example. The ultra-violet light 1s pulse-irra-
diated, for example. Thereby, the growth substrate 5 1is
removed from the stacked body 10s. That 1s, the bufler layer
6 and the n-type semiconductor layer 10 are separated from
cach other, for example.

Thereby, as shown 1n FIG. 6, the second major surface S2
of the n-type semiconductor layer 10 1s exposed. The second
major surface S2 corresponds to the surface to be wet-etched,
as described below.

The above process 1s performed so as to form the plural
semiconductor light emitting devices on the growth substrate
5 at the same time, for example.

As shown 1n FIG. 7, the stacked body 10s 1s patterned and
divided into the plural semiconductor light emitting devices
by the use of a lithography technique, for example. In this
patterning, the cross section of the stacked body 10s 1s formed
as a mesa having a tapered shape. That is, the width of the
n-type semiconductor layer 10 along the X-axis 1s smaller
than that of the p-type semiconductor layer 20 along the
X-axis, for example. The width of the n-type semiconductor
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layer 10 along the Y-axis 1s smaller than that of the p-type
semiconductor layer 20 along the Y-axis, for example.

In this patterning, the first bonding layer 61 1s not divided,
for example. The bonding layer 61 1s exposed between the
plural semiconductor light emitting devices.

Then, an S10,, film, for example, 1s formed to provide the
protection layer 70 so as to cover the side surface of the
taper-shaped stacked body 10s and the exposed surface of the
first bonding layer 61. The part of the S10.,, film which covers
the second major surface S2 of the n-type semiconductor
layer 10 1s removed. Thereby, the protection layer 70 1is
formed. At this time, the S10, film of the part along the outer
edge of the second major surface S2 of the n-type semicon-
ductor layer 10 may be left. Thereby, the part along the outer
edge of the n-type semiconductor layer 10 1s protected by the
protection layer 70.

Atthis time, 1rregularity can be formed on the surface of the
exposed n-type semiconductor layer 10 by etching using
potassium hydrate, for example. For example, the etching 1s
performed for 15 minutes using potassium hydrate having a
concentration of 1 mol/l and a temperature o1 70° C. BY such
wet etching, the second major surface S2 of the n-type semi-
conductor layer 10 1s roughened. On the second major surface
S2, the n-type semiconductor layer 10 has a surface rough-
ness approximately not smaller than 100 nm and not larger
than 3,000 nm.

Then, the n-side electrode 50 1s formed on the part except
the center of the second major surface S2 of the n-type semi-
conductor layer 10. For example, a metal film such as T1, Al,
Rh, In, N1, Pt and Au 1s formed as the n-side electrode 50 and
processed into a predetermined shape. Thereby, the semicon-
ductor light emitting device 110aq illustrated 1n FIG. 3A and
FIG. 3B 1s formed.

In this manner, the n-side electrode 50 includes at least one
selected from the group of 11, Al, Rh, In, N1, Pt and Au.

Hereinafter, the characteristic of the semiconductor light
emitting device 110a according to the embodiment will be
described together with a reference example.

FIG. 8 A and FIG. 8B are schematic views showing a con-
figuration of a semiconductor light emitting device of a first
reference example.

FIG. 8B 1s a schematic plan view and FIG. 8A 1s a cross-
sectional view taken along the A1-A2 line of FIG. 8B.

As shown 1n FIG. 8 A and FIG. 8B, the n-side electrode 50
1s provided 1n the center part of the second major surface S2
in a semiconductor light emitting device 119a of the first
reference example. The n-side electrode 50 1s disposed inside
the outer edge of the p-side electrode 40 1n the plan view. That
1s, the n-side electrode 50 overlaps the p-side electrode 40 1n
the plan view (when viewed along the Z-axis direction). In the
semiconductor light emitting device 1194, current 1s concen-
trated 1n the part where the n-side electrode 50 and the p-side
clectrode 40 overlaps each other.

FIG. 9A and FIG. 9B are schematic views showing a con-
figuration of a semiconductor light emitting device of a sec-
ond reference example.

FIG. 9B 1s a schematic plan view. FIG. 9A 1s a cross-
sectional view taken along the A1-A2 line of FIG. 9B.

As shown 1n FIG. 9A and FIG. 9B, 1n the semiconductor
light emitting device 1195 of the second reference example,
the n-side electrode 50 1s provided in the center part of the
second major surface S2. Then, an insulating layer 49 1s
provided between the p-type semiconductor layer 20 and the
p-side electrode 40. The insulating layer 49 overlaps the
n-side electrode 50 in the plan view. Thereby, 1n the semicon-
ductor light emitting device 1195, current 1s not concentrated
in the part where the n-side electrode 50 and the p-side elec-

10

15

20

25

30

35

40

45

50

55

60

65

8

trode 40 overlap each other. However, current 1s concentrated
at a part around the n-side electrode 50 1n the plan view.

The light emitting characteristic was simulated for the
semiconductor light emitting devices 110a (110), 119a, and
1195.

FIG. 10 1s a graph illustrating a characteristic of the semi-
conductor light emitting device.

FIG. 10 1llustrates simulation results of the light emitting
characteristics of the semiconductor light emitting devices
110a, 119a and 1195, respectively. The horizontal axis 1n
cach of these drawings 1s a position 1n the X-Y plane pxy.

As shown 1n FI1G. 3B, FIG. 8B and FIG. 9B, the position
pXy 1s a position along a diagonal of the stacked body 10s 1n
a plan view. The position p0 corresponds to the center of the
stacked body 10s. The position p1 corresponds to one edge of
the stacked body 10s. The position p2 corresponds to the other
edge of the stacked body 10s. The vertical axis expresses a
light emission power intensity LI (normalized value).

As shown in FIG. 10, 1n the semiconductor light emitting
device 1194 of the first reference example, the light emission
power intensity LI 1s high in the center part but the light
emission power intensity LI 1s degraded considerably in the
peripheral part. In this manner, the light emission distribution
1s extremely non-uniform. This 1s because current 1s concen-
trated excessively 1in the part where the n-side electrode 30
and the p-side electrode 40 overlaps each other.

In the semiconductor light emitting device 1195 of the
second reference example, the light emission power intensity
LI 1s low 1n the center part. Further, while the light emission
power intensity LI 1s high around the center part, the light
emission power intensity LI 1s low 1n the peripheral part. In
the semiconductor light emitting device 1195, current does
not flow in the part where the n-side electrode 50 and the
p-side electrode 40 overlap each other but current 1s concen-
trated around the center part. Also in this case, the light
emission distribution is non-uniform.

On the other hand, in the semiconductor light emitting
device 1104, there 1s not a part where the light emission power
intensity LI 1s considerably low. That 1s, the light emission
power mtensity LI 1s made uniform. In the semiconductor
light emitting device 110a, the n-side electrode 50 1s provided
outside the p-side electrode 40 and the n-side electrode 50 1s
disposed so as not to overlap the p-side electrode 40 1n the
plan view. Thereby, excessive current concentration 1s sup-
pressed and thereby the light emission power intensity LI 1s
made uniform.

In the semiconductor light emitting device 119a, while a
high light emission power intensity LI 1s obtained in the
center part, the light extraction efliciency 1s low because the
light-blocking n-side electrode 50 1s provided in the center
part of the second major surface S2. In the semiconductor
light emitting device 1195, the imnsulating layer 49 1s provided
in the center part corresponding to the n-side electrode 50,
and thereby, while the light emission 1s suppressed in the
center part and the light emission 1s high around the center
part, the light emission power intensity LI 1s considerably
degraded in the peripheral part.

On the other hand, 1n the semiconductor light emitting
device 110a according to the embodiment, the n-side elec-
trode 50 1s provided 1n the peripheral part of the second major
surface S2 and thereby the light extraction efficiency 1s high.

The average efficiency was 59.4% for the semiconductor
light emitting device 110a, 57.7% for the semiconductor light
emitting device 119a, and 58.1% for the semiconductor light
emitting device 1195. In this manner, 1n the semiconductor
light emitting device 110a according to the embodiment, a
higher efficiency is obtained than in the reference examples.
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In the embodiment, the bias of distribution of the light emis-
s1ion power intensity LI 1s small 1n a wide range and thereby a
high efliciency 1s obtained.

Then, the operating voltage was 4.21 volt (V) for the semi-
conductor light emitting device 110a, 5.38 V for the semi-
conductor light emitting device 119a, and 5.70 V for the
semiconductor light emitting device 1195 when a forward
current ol 350 mA (milliampere) 1s applied. In this manner, 1n
the semiconductor light emitting device 110a according to the
embodiment, the operating voltage can be made lower than
those 1n the reference examples.

Hereinafter, a relationship between the gap between the
n-side electrode 50 and the p-side electrode 40 1n the plan
view and the characteristic will be described.

FIG. 11A and FIG. 11B show a simulation result of the
characteristic when the gap between the n-side electrode 50
and the p-side electrode 40 1n the plan view 1s changed 1n the
configuration of the semiconductor light emitting device
110q 1llustrated in FIG. 3A and FIG. 3B.

Here, the gap corresponds to the gap sx and the gap sy
illustrated 1n FIG. 3B. In this simulation, the gap sy 1is
assumed to be the same as the gap sx. The case of the gap sx
having a positive value corresponds to the state in which the
n-side electrode 50 1s disposed outside the p-side electrode 40
and does not overlap the p-side electrode 40 1n the plan view.
The case of the gap sx having a positive value corresponds to
the embodiment. On the other hand, the case of the gap sx
having a negative value corresponds to the state in which the
n-side electrode 50 overlaps the p-side electrode 40 in the
plan view. The case of the gap sx having a negative value
corresponds to the reference examples.

The horizontal axis of FIG. 11A 1s the position pxy and the
vertical axis 1s the light emission power intensity LI. As
shown in FIG. 11 A, when the gap sx 1s made smaller, the light
emission efficiency 1s degraded in the peripheral part of the
device. When the gap sx has a negative value and the absolute
value thereot 1s made larger, the light emission efficiency 1s
degraded considerably in the peripheral part of the device.
That 1s, 1n the reference example 1n which the n-side electrode
50 overlaps the p-side electrode 40 1n the plan view, the light
emission power ntensity LI becomes low 1n the peripheral
part of the device.

The horizontal axis of FIG. 11B 1s the gap sx and the
vertical axis 1s a light extraction efficiency EXE. As shown in
FIG. 11B, when the sx has a negative value, the light extrac-
tion efficiency EXE 1s low. When the gap sx 1s made larger
from zero, the light extraction efficiency EXE becomes stable
at a high value.

In this manner, in the embodiment, the gap between the
n-side electrode 50 and the p-side electrode 40 (gap sx and
gap sy) 1s set at a value larger than zero 1n the plan view.

For example, 1n the plan view, the gap between the n-side
clectrode 50 and the p-side electrode 40 (gap sx and gap sy) 1s
preferably larger than the thickness of the n-type semicon-
ductor layer 10 (length of the n-type semiconductor layer 10
along the Z-axis). Thereby, the light extraction elliciency
EXE 1s improved.

For example, 1n the plan view, the gap between the n-side
clectrode 50 and the p-side electrode 40 1s preferably larger
than the sum of the thickness of the n-type semiconductor
layer 10, the thickness of the light emitting layer 30 and the
thickness of the p-type semiconductor layer 20. Thereby, the
light extraction efliciency EXE 1s improved further eflec-
tively.

For example, 1n the plan view, the gap between the n-side
clectrode 50 and the p-side electrode 40 1s preferably not less
than one micrometer (um). The gap between the n-side elec-
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trode 50 and the p-side electrode 40 1s further preferably not
less than 5 um. Thereby, a further higher light extraction
cificiency EXE 1s obtained.

In the embodiment, the gap between the n-side electrode 50
and the p-side electrode 40 (gap sx and gap sy, or the like) 1s
set at a value not larger than 100 um, 1n the plan view. When
the gap 1s larger than 100 um, a current path becomes exces-
stvely long, for example, and the light emission efficiency 1s
degraded.

FIG. 12A and FIG. 12B are schematic views showing
configurations of semiconductor light emitting devices of a
third and a fourth reference example, respectively.

As shown 1n FIG. 12 A, in the semiconductor light emitting
device 119c¢ of the third reference example, the n-side elec-
trode 50 1s provided along the peripheral edge of the p-side
clectrode 40 and the n-side electrode 50 has a part overlap-
ping the p-side electrode 40 1n the plan view. That 1s, this
corresponds to the case of the gap sx having a negative value.
The semiconductor light emitting device 119¢ has a low light
extraction elliciency.

As shown 1n FIG. 12B, 1n a semiconductor light emitting
device 119d, a transparent electrode 64 1s provided on the
whole first major surface S1 of the p-type semiconductor
layer 20. Then, a retlection stacked layer 65 1s provided along
the peripheral edge of the transparent electrode 64. A p-side
electrode 40a 1s provided so as to cover the center part of the
transparent electrode 64 and the reflection stacked layer 65. In
this case, current flows between the n-side electrode 50 and
the transparent electrode 64. Thereby, current 1s concentrated
in the part where the n-side electrode 50 and the transparent
clectrode 64 overlaps each other 1n the plan view. Accord-
ingly, the light emission power intensity LI 1s high in the part
where the n-side electrode 50 and the transparent electrode 64
overlap each other, but low 1n the other part. Then, this case
also corresponds to the case of the gap sx having a negative
value. In the semiconductor light emitting device 1194, the
light extraction efliciency 1s low.

FIG. 13A to FIG. 13C are schematic plan views each
illustrating a configuration of another semiconductor light
emitting device according to the first embodiment.

As shown 1n FIG. 13A, 1n a semiconductor light emitting
device 111 according to the embodiment, a pad part 50p 1s
provided at a part of the n-side electrode 50. A pad (not shown
in the drawing) 1s provided on the pad part 50p. The width of
the pad part 50p 1s larger than that of the other part of the
n-side electrode 50.

As shown 1n FIG. 13B, 1n a semiconductor light emitting
device 112 according to the embodiment, a gap part 50g 1s
provided in a part of the n-side electrode 50. In the plan view,
the gap part 50g 1s disposed at a position diagonal to the
position where the pad part 50p 1s provided. In this case, the
n-side electrode 50 does not surround the whole p-side elec-
trode 40 1n the plan view. Also 1n this case, the n-side elec-
trode 50 1s provided outside and around the p-side electrode
40 1n the plan view.

As shown FIG. 13C, 1n a semiconductor light emitting
device 113 according to the embodiment, two pad parts 50p
are provided. In the plan view, the two pad parts S0p are
provided at respective positions which are diagonal to each
other 1n the stacked body 10s. Then, two gap parts 50g are
provided. Also 1n this case, the n-side electrode 50 1s provided
outside and around the p-side electrode 40.

On the other hand, in the semiconductor light emitting
devices 110 and 1104, the n-side electrode 50 surrounds the
whole outer edge of the p-side electrode 40 1n the plan view.
That 1s, the n-side electrode 50 surrounds the whole outer
edge of the p-side electrode 40 continuously 1n the plan view.
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As already described, the reference example of not sepa-
rating the sapphire substrate 1s a lateral conduction type in
which current flows 1n a direction perpendicular to the stack-
ing direction. In this configuration, a high series resistance
and a low heat dissipation capability prevent a further higher
eificiency and higher output.

On the other hand, the semiconductor light emitting device
according to the embodiment employs a thin film type vertical
conduction type structure. Thereby, the series resistance 1s
low and the heat dissipation capability 1s high. Then, the light
emission distribution 1s uniform. Further, the light extraction
elficiency 1s high. That 1s, a high efficiency 1s obtained.
(Second Embodiment)

FIG. 14 1s a schematic cross-sectional view 1illustrating a
configuration of a light emitting apparatus according to a
second embodiment.

As shown 1n FIG. 14, a light emitting apparatus 210
according to the embodiment includes a semiconductor
device according to the embodiment and a mounting compo-
nent 80. In this example, while the semiconductor light emat-
ting device 110a 1s used, any of the semiconductor light
emitting devices according to the embodiment (e.g., semicon-
ductor light emitting devices 110, 110a, 111 to 113, and the
like) can be applied to the semiconductor light emitting
device used 1n the light emitting apparatus 210.

The mounting component 80 includes a mounting sub-
strate 83, a first substrate electrode 81, and a second substrate
clectrode 82. The mounting substrate 83 has a mounting
surface 83a. The mounting surface 83a faces the first major
surface S1 of the semiconductor light emitting device 110a.
That 1s, 1n the semiconductor light emitting device 1104, the
surface on the side of the first major surface S1 becomes a
mounting surface.

The first substrate electrode 81 1s provided on the mounting
surface 83a. The first substrate electrode 81 1s electrically
connected to the p-side electrode 40. The second substrate
clectrode 82 1s provided on the mounting surface 83a. The
second substrate electrode 82 1s electrically connected to the
n-side electrode 50. For example, the second substrate elec-
trode 82 1s electrically connected to the n-side electrode 50 by
a wiring 505b.

In the light emitting apparatus 210, a highly efficient light
emitting apparatus 1s obtained.

In this example, the light emitting apparatus 210 further
includes a wavelength conversion layer 85. The wavelength
conversion layer 85 covers atleast a part ol the semiconductor
light emitting device 110a. The wavelength conversion layer
835 absorbs a first light emitted from the light emitting layer 30
and emits a second light having a wavelength different from
that of the first light. A fluorescent material layer 1s used for
the wavelength conversion layer 83, for example. The wave-
length conversion layer 85 can include plural fluorescent
material layers. Optional light 1s emitted from the light emait-
ting apparatus 210. The light emitted from the light emitting
apparatus 210 1s white light, for example.

According to the embodiment, highly efficient semicon-
ductor light emitting device and light emitting apparatus are
provided.

In the specification, “nitride semiconductor” includes all

compositions of semiconductors of the chemical formula
B, In Al Ga, N (O=x=1, O=y=1, O=z=<1, and x+y+z=<1) for

which each of ihe compositional proportions X, y, and z are
changed within the ranges. “Nitride semiconductor” further
includes group V elements other than N (nitrogen) in the
chemical formula recited above, various elements added to
control various properties such as the conductivity type, etc.,

and various elements included unintentionally.
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In the specification of the application, “perpendicular” and
“parallel” refer to not only strictly perpendicular and strictly
parallel but also 1nclude, for example, the fluctuation due to
manufacturing processes, etc. It 1s suflicient to be substan-
tially perpendicular and substantially parallel.

Hereinabove, the exemplary embodiments of the invention
are described with reference to the specific examples. How-
ever, the mvention 1s not limited to these specific examples.
For example, one skilled 1n the art may similarly practice the
invention by approprately selecting specific configurations
of components included i semiconductor light emitting
devices such as electrodes, semiconductor layers, substrates,
and bonding layers and components included 1in light emitting
apparatuses such as mounting substrates, electrodes, wave-
length conversion layers, etc. from known art. Such practice
1s 1ncluded 1n the scope of the invention to the extent that
similar effects thereto are obtained.

Further, any two or more components ol the specific
examples may be combined within the extent of technical
teasibility and are included 1n the scope of the invention to the
extent that the purport of the mvention is included.

Moreover, all semiconductor light emitting devices and
light emitting apparatuses practicable by an appropriate
design modification by one skilled in the art based on the
semiconductor light emitting devices and the light emitting
apparatuses described above as embodiments of the invention
also are within the scope of the invention to the extent that the
purport of the embodiments of the invention 1s included.

Various other variations and modifications can be con-
ceived by those skilled 1n the art within the spirit of the
invention, and 1t 1s understood that such variations and modi-
fications are also encompassed within the scope of the mnven-
tion.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not mtended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the mmventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the mvention.

What 1s claimed 1s:

1. A semiconductor light emitting device, comprising:

a p-type semiconductor layer including a nitride semicon-

ductor and having a first major surface;

an n-type semiconductor layer including a nitride semicon-
ductor and having a second major surface;

a light emitting layer provided between the n-type semi-
conductor layer and the p-type semiconductor layer, the
first major surface being on a side of the p-type semi-
conductor layer opposite to the light emitting layer, the
second major surface being on a side of the n-type semi-
conductor layer opposite to the light emitting layer;

a p-side electrode contacting a part of the p-type semicon-
ductor layer on the first major surface; and

an n-side electrode contacting a part of the n-type semi-
conductor layer on the second major surface,

the n-side electrode being provided outside and around the
p-side electrode 1n a plan view along a direction from the
p-type semiconductor layer to the n-type semiconductor
layer, and

a gap between the n-side electrode and the p-side electrode
being larger than a thickness of the n-type semiconduc-
tor layer 1n the plan view.
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2. The device according to claim 1, wherein

a gap between the n-side electrode and the p-side electrode
1s larger than a sum of a thickness of the n-type semi-
conductor layer, a thickness of the light emitting layer,
and a thickness of the p-type semiconductor layer 1n the
plan view.

3. The device according to claim 1, wherein

a gap between the n-side electrode and the p-side electrode
1s equal to or larger than five micrometers 1n the plan
VIEW.

4. The device according to claim 1, wherein

the n-side electrode surrounds a whole outer edge of the
p-side electrode 1n the plan view.

5. The device according to claim 1, wherein

the n-side electrode surrounds a whole outer edge of the
p-side electrode continuously 1n the plan view.

6. The device according to claim 1, wherein

the n-side electrode includes at least one selected from the
group of T1, Al, Rh, In, N1, Pt and Au.

7. The device according to claim 1, wherein

a part of the p-side electrode contacting the p-type semi-
conductor layer includes Ni.

8. The device according to claim 1, further comprising a

substrate.

9. The device according to claim 8, wherein

the p-side electrode includes a N1 film contacting a part of
the p-type semiconductor layer and an Ag film provided
between the N1 film and the substrate.

10. The device according to claim 8, further comprising a
first bonding layer of metal provided between the substrate
and the p-type semiconductor layer and between the substrate
and the p-side electrode, covering the p-side electrode, con-
tacting a part except the part of the p-type semiconductor
layer on the first major surface, having a part outside the
p-side electrode and overlapping with the n-side electrode in
the plan view, having an electrical resistance between the first
bonding layer and the p-type semiconductor layer higher than
an electrical resistance between the p-side electrode and the
p-type semiconductor layer, electrically contacting the sub-
strate and the p-side electrode, and bonding the substrate with
the p-side electrode and the p-type semiconductor layer.

11. The device according to claim 10, further comprising a
second bonding layer of metal provided between the substrate
and the first bonding layer, wherein

the second bonding layer 1s provided between the substrate
and the p-type semiconductor layer and between the
substrate and the p-side electrode.

12. The device according to claim 1, wherein

the first major surface 1s a mounting surface, and

the second major surface 1s a light extraction surface.
13. A light emitting apparatus, comprising:

a semiconductor light emitting device including;:

a p-type semiconductor layer including a nitride semi-
conductor and having a first major surtace;

an n-type semiconductor layer including a nitride semi-
conductor and having a second major surface;

a light emitting layer provided between the n-type semi-
conductor layer and the p-type semiconductor layer,
the first major surface being on a side of the p-type
semiconductor layer opposite to the light emitting
layer, the second major surface being on a side of the
n-type semiconductor layer opposite to the light emat-
ting layer;

a p-side electrode contacting a part of the p-type semi-
conductor layer on the first major surface; and

an n-side electrode contacting a part of the n-type semi-
conductor layer on the second major surface,
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the n-side electrode being provided outside and around
the p-side electrode 1n a plan view along a direction
from the p-type semiconductor layer to the n-type
semiconductor layer; and

a mounting component including:

a mounting substrate having a mounting surface facing
the first major surface;

a {irst substrate electrode provided on the mounting sur-
face and electrically connected to the p-side elec-
trode; and

a second substrate electrode provided on the mounting
surface and electrically connected to the n-side elec-
trode,

a gap between the n-side electrode and the p-side elec-
trode being larger than a thickness of the n-type semi-
conductor layer in the plan view.

14. The apparatus according to claim 13, further compris-

ng

a wavelength conversion layer covering at least a part of the
semiconductor light emitting device and configured to
absorb a first light emitted from the light emitting layer
to emit a second light having a wavelength different
from a wavelength of the first light.

15. The apparatus according to claim 13, wherein

a gap between the n-side electrode and the p-side electrode
1s larger than a sum of a thickness of the n-type semi-
conductor layer, a thickness of the light emitting laver,
and a thickness of the p-type semiconductor layer 1n the
plan view.

16. The apparatus according to claim 13, wherein

a gap between the n-side electrode and the p-side electrode
1s equal to or larger than five micrometers 1n the plan
VIEW.

17. The apparatus according to claim 13, wherein

the n-side electrode surrounds a whole outer edge of the
p-side electrode 1n the plan view.

18. The apparatus according to claim 13, wherein

the n-side electrode surrounds a whole outer edge of the
p-side electrode continuously 1n the plan view.

19. The apparatus according to claim 13, wherein

the n-side electrode includes at least one selected from the
group of T1, Al, Rh, In, N1, Pt and Au.

20. A semiconductor light emitting device, comprising:

a p-type semiconductor layer including a nitride semicon-
ductor and having a first major surface;

an n-type semiconductor layer including a nitride semicon-
ductor and having a second major surface;

a light emitting layer provided between the n-type semi-
conductor layer and the p-type semiconductor layer, the
first major surface being on a side of the p-type semi-
conductor layer opposite to the light emitting layer, the
second major surface being on a side of the n-type semi-
conductor layer opposite to the light emitting layer;

a p-side electrode contacting a part of the p-type semicon-
ductor layer on the first major surface;

an n-side electrode contacting a part of the n-type semi-
conductor layer on the second major surface; and

a high resistance layer contacting the p-type semiconduc-
tor layer on the first major surface, having a part outside
the p-side electrode in the plan view, and having an

clectrical resistance between the high resistance layer
and the p-type semiconductor layer higher than an elec-
trical resistance between the p-side electrode and the
p-type semiconductor layer,
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the n-side electrode being provided outside and around the
p-side electrode 1n a plan view along a direction from the
p-type semiconductor layer to the n-type semiconductor
layer.

21. The device according to claim 20, wherein

a part of the p-side electrode contacting the p-type semi-
conductor layer includes N1, and

a part of the high resistance layer contacting the p-type

semiconductor layer includes Ti.

22. The device according to claim 20, wherein

the p-side electrode 1s covered with the high resistance
layer, and

the n-side electrode 1s overlapped with a part of the high
resistance layer in the plan view.

23. A light emitting apparatus, comprising:

a semiconductor light emitting device including;:

a p-type semiconductor layer including a nitride semi-
conductor and having a first major surface;

an n-type semiconductor layer including a nitride semi-
conductor and having a second major surface;

a light emitting layer provided between the n-type semi-
conductor layer and the p-type semiconductor layer,
the first major surface being on a side of the p-type
semiconductor layer opposite to the light emitting
layer, the second major surface being on a side of the
n-type semiconductor layer opposite to the light emat-
ting layer;

a p-side electrode contacting a part of the p-type semi-
conductor layer on the first major surface;

an n-side electrode contacting a part of the n-type semi-
conductor layer on the second major surface; and
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a high resistance layer contacting the p-type semicon-
ductor layer on the first major surface, having a part
outside the p-side electrode 1n the plan view, and
having an electrical resistance between the high resis-
tance layer and the p-type semiconductor layer higher
than an electrical resistance between the p-side elec-
trode and the p-type semiconductor layer,

the n-side electrode being provided outside and around
the p-side electrode 1n a plan view along a direction
from the p-type semiconductor layer to the n-type
semiconductor layer; and

a mounting component including:

a mounting substrate having a mounting surface facing,
the first major surface;

a {irst substrate electrode provided on the mounting sur-
face and electrically connected to the p-side elec-
trode; and

a second substrate electrode provided on the mounting
surface and electrically connected to the n-side elec-
trode.

24. The apparatus according to claim 23, wherein

a part of the p-side electrode contacting the p-type semi-
conductor layer includes N1, and

a part of the high resistance layer contacting the p-type
semiconductor layer includes Ti.

25. The apparatus according to claim 23, wherein

the p-side electrode 1s covered with the high resistance
layer, and

the n-side electrode 1s overlapped with a part of the high
resistance layer 1n the plan view.
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